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Description 



JO 



The present invention relates to a method and apparatus for producing a light transmuting article of 

Sex lens aTd *e distribution of the refractive index in it may be approbated by equation (1). 

•nir) = n.|1 -iAr*) (1) 

wherein n(r) is the refractive index at a distance r from the axis; n 0 is the refractive index at the axis; and A 

iS 3 SKtS n n?o n n t a end of the rod is transmitted to the other end aiong a sinusoidal path with a period L 
(called the pitch) which is approximated by equation (2): 
' 5 L = 2n/VA (2 > 

20 concave lens. 

n(r) = n.(1 + 1 Br 2 ) (3) 

35 a '".MSi2 manner' GB-A-1439627 discloses a method in which a synthetic resin light conducting 
eiement TP od^d b^' mS£ aZpolymer A. immersing it in another """"J^V^S 
Ssion of the monomer into The moulded prepolymer. and polymensing the prepolymer A and the 

40 m ° n The e above-mentioned methods, however, heve some disadvantages resulting from the steeping of the 
W body m^rrihe Kid monomer Mb. in the case where the ^s.on and l"*^^ <£ 

■mmmmm 

refractive index at the peripheral part of the light transmitting article. ,,qqo Q «o-7q 

The method I disclosed in the above-mentioned Japanese Patent La.d-open No. 19939/ 979 was 
deve^pedtoTmpfove tnl above-mentioned 

^55^Jinrd^n7ti monomer Mb is partly polymerized and It ,s compiete.y 
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treatment. Since the diffusion is performed at a high temperature, the monomer Mb polymerizes and 
becomes immobilized while it diffuses into the body material. Thus the monomer Mb does not vaporize 
from the body material during the heat treatment This leads to the production of a hght transmitting article 
in which the distortion of refractive index at the peripheral part is minimal and the initial distribution of 

5 refractive index is broad. . 

(2) The polymerization of the monomer Mb in the liquid phase can be prevented by adding a 
polymerization inhibitor to the liquid monomer Mb from which the vapor of the monomer Mb is supplied If 
the inhibitor is one which has a low vapor pressure and vaporizes very little, it will not diffuse into the body 
material; and therefore, the polymerization will not be inhibited in the heat treatment process. Moreover, if 

to thefeed rate of the monomer Mb is properly adjusted, it would not be necessary to add any polymerization 
inhibitor. This permits the monomer Mb to be recycled repeatedly with a high rate of recovery. 

In spite of these advantages, the vapor phase diffusion method still has the following drawbacks. The 
concentration of the monomer Mb in the gas phase depends on the vapor pressure at a given temperature 
of the gas phase, and the monomers having a high vapor pressure for efficient diffusion are limited in kind. 

;5 For example 1,1,3-trihydroperfluoropropYl (monomer Mb) cannot be used for diffusion into a thick body 
material (4 mm or more in diameter) by the vapor phase diffusion method as disclosed in Japanese Patent 
Laid-open No. 119939/1979 because of its low vapor pressure, although it can be used in combination with 
diethylene glycol bisallyl carbonate (monomer Ma) for producing a light transmitting article of synthetic 
resin having low chromatic aberration according to the method disclosed in Japanese Patent Laid-open No. 

20 l6 ^ 1 e 9 ^ nventjonai metnod was p 00r i n productivity because the process for producing the body 
material, the process for diffusing the monomer Mb, and the process of heat treatment are all earned out 
batchwise. The batchwise operation has the following drawback. The composition of the body material 
fluctuates in the lengthwise direction when there is a slight variation in temperature and monomer 

25 concentration in the apparatus into which the vaporized or atomized monomer Mb is introduced for 
diffusion into the body material, or when there is a slight variation in temperature distribution in the heat 
treatment apparatus. The fluctuation of the composition of the body material in lengthwise direction results 
in a light transmitting article which is not uniform in optical performance along its length. For the reasons 
mentioned above, the conventional method was unable to provide efficiently light transmitting articles of 

30 m ^°^^^' XQ ^ method, there is provided a method of producing a light transmitting article of 
synthetic resin by polymerising incompletely a monomer (Ma) which forms a network polymer jPa) having 
a refractive. index (Na) thereby forming a self-supporting body material, and subsequently diffusing a 
monomer (Mb) which forms a polymer (Pb) having a refractive index (Nb) different ^^"V^ 3 ^ 6 

35 index (Na), into said body material and simultaneously polymerizing said monomer (Mb), wherein the 
body material is moulded and then passed in sequence through a diffusion means and a heating means, 
thereby to diffuse the monomer (Mb) into said body material and to fix the distribution of said monomer 
(Mb) in said body material, wherein said body material is continuously drawn from a mould means in 
which said body material has been formed and prepared for diffusion of the monomer (Mb). 

40 According to the invention, there is also provided apparatus for producing a light transmitting article of 
synthetic resin, the apparatus comprising mould means for moulding a body matenal, diffusion means for 
diffusing a monomer into the body material, first heating means for heating said diffusion means, and 
second heating means for heating the body material which has passed through the diffusion means, 
wherein said mould means is adapted to form the body material continuously and said apparatus includes 

45 transfer means for continuously passing the body material emerging from the mould means through the 
diffusion means and the heating means, and said drffusion means comprises a diffusion chamber having 
an inlet and outlet through which the monomer is introduced into and discharged from the diffusion 
chamber respectively. . 

Such method and apparatus are capable of producing continuously and efficiently a light transmitting 

so article of synthetic resin which has a uniform quality along its length. 

In order that the invention may be readily understood, apparatus and methods constituting preferred 
embodiments thereof will now be described, by way of illustrative and non-limiting example, with 
reference to the accompanying drawings, in which:— 

Figure 1 is a schematic longitudinal sectional view of apparatus for producing a light transmitting 

55 article of synthetic resin according to a first embodiment of this invention; 

Figure 2 is an enlarged sectional view of the diffuser unit in the apparatus shown in Figure 1 ; 
Figure 3 is an enlarged sectional view of a diffuser unit in apparatus used in a second embodiment of 
this invention; 

Figure 4 is an enlarged sectional view of a diffuser unit in apparatus used in a third embodiment of this 

60 invention; _ l . , . 4 .... 

Fig. 5 is an enlarged sectional view of a diffuser unit in apparatus used in a fourth embodiment of this 

invention, ^ en|arged sectiona | vj ew of a diffuser unit in apparatus used in a fifth embodiment of this 
invention; 

65 
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Fig. 7 is an enlarged sectional view of a diffuser unit in apparatus used in a sixth embodiment of this 
mvention. ^ ^ schematic , ongitudma | sectional view of apparatus for producing a light transmitting article 
of synthetic resin according to a seventh embodiment of this invention; 
5 Fig. 9 is a schematic longitudinal sectional view of apparatus for producing a light transmitting article 
of synthetic resin according to a eighth embodiment of this invention; and 

Fig. 10 is an enlarged schematic view of a plunger drive mechanism included in the apparatus shown in 
Figure 9. 

The first embodiment of this invention is described with reference to Figs. 1 and 2. 
jo Referring to Fig. 1, there is shown an extruder (1) which is cooled by cooling water. The extruder holds 
a viscous fluid (prepolymer) which is the raw material of a light transmitting article of synthetic resin. The 
prepolymer fluid is prepared by precuring the monomer Ma, which forms a network polymer Pa having a 
refractive index Na, to such an extent that gelation is about to take place, and it is kept fluid in the extruder. 
The extruder (1) is provided with a plunger (shown at reference numeral 141 in Fig. 9) which extrudes the 
is orepolymer (3a) into a molding tube (4a) through a connecting pipe (2). 

The prepolymer (3a) should preferably be one which exhibits the plastic flow defined by the equation 
of the non-Newtonian fluid (Ostwald's law of power): 

D = Ktf W 

20 wherein D is the shear rate, a is the shear stress, K is the reciprocal of plastic viscosity, and n is a constant 
greater than 1.10 at 20°C. The reason for this is described below. 

When a fluid like a monomer or low-viscosity prepolymer thereof which can be approximated by a 
Newtonian fluid is passed through a thin tube and polymerized with heating dunng its passage, the 

25 polymerization starts at the outside of the tube and propagates toward the inside of the tube because the 
heating is applied to the outside of the tube. As the polymerization proceeds, the viscosity of the fluid 
increases. This enhances the rate of shear, and the difference between the flow velocity at the center of the 
tube and that at the peripheral part of the tube becomes great as the polymerization proceeds. Finally, the 
fluid near the tube wall gels and stays in the tube, whereas the fluid near the center of the tube continues to 

30 flOW |n order to avoid this undesirable flow pattern, it is necessary to make even the distribution of the flow 
velocity in the tube. This is accomplished by approximating the fluid in the tube to a Bingham body. A 
Bingham body is defined by the equation (4) in which n = «, and the flow velocity of a Bingham body in the 
tube is constant As n approaches 1, the fluid behaves like a Newtonian fluid. The flow velocity of the fluid 

35 near the inside wall of the tube is not greatly affected by the value of n. It is high when the value of n is 
great; but the flow velocity at the center increases as the value of n approaches 1. As the result, the flow 
velocity at the periphery greatly differs from that at the center, and the shear stress of the fluid in the tube 
becomes sharper. . v . . . . 

For the reasons mentioned above, the monomer Ma to be fed to the molding tube (4a) should be 

40 preliminarily polymerized into a viscous fluid having the value of n greater than 1.10. If the value of n is less 
than 1.10, the monomer Ma at the center passes through the tube (4a) without being polymerized once the 
gelation of the monomer Ma takes place at the periphery. This leads to the formation of a poor body 
material. In the case of a monomer having the value of n less than 1.10, it may be possible to produce a 
body material rf the flow velocity is extremely lowered; but this is not practical because of poor 

45 productivity. The value of n should not exceed 1.50. When the value of n is excessively great, it would be 
difficult to force the monomer into the tube (4a) and the resulting body material becomes uneven. 

Incidentally, the values of K and n in the above equation (4) can be obtained from a graph in which are 
plotted the values of o measured at the varied values of D with a rotational viscometer. 

The prepolymer (3a) which has been extruded from the extruder (1) is then introduced continuously 

so into the molding tube (4a) made of teflon which passes through the cylindrical heating molder (4) made of 
brass. This teflon tube (4a) has a circular section, 1 to 20 mm in diameter. At the start-up of production, a 
stainless steel tube (not shown) is inserted into the teflon tube (4a) from above so that the extruded 
prepolymer (3a) gels in contact with the lower end of the stainless steel tube. The stainless steel tube is 
pulled up by the take-up unit, which is mentioned later, at the same speed as the extrusion speed so that 

55 the prepolymer passes through the entire process smoothly. 

The heating molder (4) has the passageway (5) for hot water of comparatively high temperature and 
the passageway (6) for hot water of comparatively low temperature. It heats the teflon tube (4a) with an 
upward temperature gradient While passing through the teflon tube (4a), the prepolymer (3a) undergoes 
" heat polymerization and gelation. The gel formed from the prepolymer becomes the body material (3b). 

60 The heating for heat polymerization should preferably be carried out at a rate of 0.1 to 1.0 C/mmute. 

The heating molder (4) is given the temperature gradient so that the prepolymer (3a) introduced into 
the teflon tube (4a) from the pipe (2) is gradually heated the polymerized as it moves upward through the 
teflon tube (4a), and emerges in the form of transparent gelled product (3b) from the upper end of the 
molder (4). If this temperature gradient does not exist, the prepolymer (3a) is suddenly heated as it enters 

65 the heating molder (4), with the result that the viscosity of the prepolymer decreases extremely. The 
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temperature gradient is necessary for the continuous production of the uniform body material (3a). The 
temperature gradient brings about gelation while keeping the prepolymer (3a) close to a Bingham body. 
Owing to the temperature gradient, the heating molder (4) carries out the polymerization of the prepolymer 
without abruptly decreasing the viscosity of the prepolymer. This contributes to the production of the body 

5 material (3a) which is uniform along the radial direction. The teflon tube (4a) helps the body material (3b) to 
be discharged smoothly from the heating molder (4) on account of its low friction with the prepolymer (3a) 
and the body material (3b). The teflon tube (4a) may be replaced by a plastic or metal tube. 

The gelled body material (3b) emerging from the teflon tube (4a) held by the heating molder (4) has 
almost no fluidity and is self-supporting. This body material (3b) contains 5 to 90 wt%, preferably 10 to 

w 50 wt%, of acetone-insoluble component of network polymer. If the content of this component is too low, 
the resulting body material is excessively fluid; and in the opposite case, the diffusion of the monomer Mb 
is excessively slow in the subsequent diffusion process. 

The body material (3b) is then delivered to the diffusion unit (7). 

The detailed structure of the diffusion unit (7) is shown in Fig. 2. The monomer Mb, which has been 

is atomized by ultrasonic or spraying in the atomizer (8), is introduced into the gas phase diffusion chamber 
(11) through the pipe (9) and the inlet (10). The atomized monomer Mb introduced into the gas phase 
diffusion chamber (11) is discharged for recovery through the outlet (13) and the pipe (14) connected to the 
vacuum pump (12). The gas phase diffusion chamber (1 1 ) is kept at a prescribed temperature by thejacket 
through which hot water (17) passes from the inlet (15) to the outlet (16). To the upper part of the diffusion 

20 unit (7) is attached the disk (19) having at its center the hole (19a) a little larger than the diameter of the 
body material (3b). The disk (19) prevents the monomer Mb from entering the heat-treating tube (20) 
(mentioned later) from the gas phase diffusion chamber (11). 

The body material (3b) in the gas phase diffusion chamber (11) is in the state of incomplete 
polymerization, and consequently the monomer Mb can diffuse into the body material through the surface 

25 thereof. The amount of the monomer Mb that diffuses into the body material (3b) depends on the time of 
contact. During the diffusion, the body material (3b) partly undergoes polymerization. The atomized 
monomer Mb partly or entirely vaporizes depending on the boiling point of the monomer Mb and the 
temperature of the gas phase diffusion chamber (11). This is quite all right. 

It is important that the atmosphere of the gas phase diffusion chamber (11) be replaced with nitrogen 

30 and a flow of the atomized monomer Mb be formed in the gas phase diffusion chamber (11). In practice, 
nitrogen containing the atomized monomer Mb is introduced into the inlet (10) of the gas phase diffusion 
chamber (11). Nitrogen as a carrier gas may be replaced by an inert gas such as argon and helium. . 

The time and temperature for the residence of the body material (3b) in the atmosphere containing the 
atomized monomer Mb depend on the desired gradient of refractive index. If the time is excessively long 

35 and the temperature is excessively high, the monomer Mb diffuses into the body material (3b) uniformly in 
the radial direction, and the desired gradient of refractive index cannot be obtained. The contact time 
should be long just enough or a little longer than enough to permit the diffusion of the monomer Mb to 
reach the center of the body material (3b). The body material (3b) thus formed will, after heat treatment, 
have the refractive index which increases or decreases in the radial direction in proportion with the square 

40 of the distance from the center, or the distribution of refractive index as defined by the above-mentioned 
equations (1) or (3). Thus it has the function of a convex lens or a concave lens. 

After heat polymerization in the gas phase diffusion chamber (11), the body material (3b) is introduced 
into the heat-treating tube (20), with the atmosphere replaced with nitrogen, in which the heat 
polymerization is brought to completion. The heat-treating tube (20) is made up of the metal tube (21) and 

45 the electric heater (22) arranged on the external surface thereof. The inside of the heat-treating tube (20) is 
kept at a prescribed temperature by the heater (22). The heating of the heat-treating tube (20) may be 
accomplished by microwave heating instead of the electric heater (22). In this case, the body material (3b) is 
heated externally as well as internally. The heat-treating tube (20) is provided at its bottom with the 
nitrogen inlet (23) through which nitrogen is admitted into the heat-treating tube (20). 

so The polymerization of the body material (3b) is brought to completion in the heat-treating tube (20). 
The heater (22) may be set so that there is a temperature gradient (increasing upward) in the heat-treating 

^^Upon completion of heat-treatment, the body material (3b) becomes the light transmitting article of 
synthetic resin (3c), which is then pulled up by the pulleys (26) and (27) directly driven by the motors (24) 
ss and (25), respectively. 

When the apparatus is in operation, the extruder (1) is run so as to feed the prepolymer (3a) to the tube 
(4a) at a fixed flow rate and the motors (24) and (25) are run so as to pull up the light transmitting article (3c) 
at a constant speed. 

The light transmitting article (3c) thus obtained has a gradient refractive index which continuously 
60 increases or decreases in the radial direction in proportion with the square of the distance from the axis. 
The gradient refractive index is established according to the combination of the monomer Ma and the 
monomer Mb. The refractive index is kept constant along the length of the light transmitting article (3c). 

According to this embodiment of the invention, the atomized monomer Mb is brought into contact with 
the body material (3b) for diffusion; therefore, the diffusion process is not restricted by the vapor pressure 
ss of the monomer Mb. Thus this method makes it possible to use any monomer Mb having a vapor pressure 
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u ..w Jh -annnt he used according to the conventional method. Moreover, this method 

■wtmam 

desired temperature is excessively 

deS,! rS gas phase diffusion method emp.oyed in the embodiment H.ustrated in Fig. 1 1 may be ^placed by 

material (3b) surrounded by the atmosphere containing the vapor of the m0 ^ 8 ^' *• ^"2?^ 
wh ch has d fLsed into the body material does not vaporize. This prevents the 
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diffusion into the body material. The higher the temperature, the higher the diffusion 
Mb. The excessively high temperature, however, increases the polymenzation rate of the body material 
and polymerizes the monomer Mb in the liquid phase, increasing the v.scosity. The residence time (ortne 
diffusion time) and the diffusion temperature for the body material in the diffusion chamber (30) are 

5 established according to the gradient of refractive index in the light transmitting article or the gradient of 
concentration of the monomer Mb in the body material. If the diffusion time is excessive y long or .f the 
diffusion temperature is excessively high, the gradient of concentration of the monomer Mb 'becomes flat 
throughout the body material or becomes steep in the periphery of the body matenal. Thus the gradient of 
ref ractive index is not obtained as desired. » ho 

io ■ In this embodiment, the atmosphere in the gas phase diffusion chamber (35) is formed from the 
monomer Mb in the liquid phase diffusion chamber (31). In other words, the monomer Mc in the form of 
gas or mist in the gas phase diffusion chamber is the same as the monomer Mb in the form of liquid. The 
monomer Mc may be a substance different from the monomer Mb, or a mixture containing the monomer 
Mb end other monomer. In the case where the monomer Mc in the form of gas or mist, which is different 

is from the monomer Mb, is contained in the gas phase, the gas phase diffusion chamber (35) anc I the liquid 
phase diffusion chamber (31) are partitioned. In this case, the monomer Mb in the liquid phase diffusion 
chamber (31 ) is used only for liquid phase diffusion without bubbling, and monomer Mc in the form of gas 
or vapor is fed to the gas phase diffusion chamber (35) from the vaporizer. An alteration is possible in which 
gas phase diffusion chamber is filled with the vapor of the monomer Mb as mentioned above and at the 

20 same time, the vapor of the monomer Mc is introduced into the gas phase diffusion chamber, so that the 
gas phase diffusion chamber contains a mixture of the monomers Mb and Mc. In this case, the monomer 
Mc mey be a substance which is a gas at normal temperature. In any way, the combination of the 
monomers Ma, Mb, and Mc should be selected so that the respective homopolymers Pb and Pc of the 
monomers Mb and Mc have greater or smaller refractive indexes than that of the homopolymer of the 

25 monomer^Ma. ggs phgse diffusjon cnam ber (35), the body material (3b) is introduced 

into the nitrogen-replaced heat-treating tube (20) in which heat polymerization is broughtto completion. In 
this case, it is also possible that the vapor of the monomer Mb is introduced into the heat-treating tube (20). 
This embodiment has the following advantages. That is, the monomer Mb which accounts for a large 

so portion of the monomer to be diffused into the body material is not limited to ones having a high vapor 
pressure. Moreover, since the function of the vapor of the monomer Mc is to suppress the evaporation of 
the monomer Mb from the body material, the monomer Mc does not necessarily have to have a high vapor 

• pressure. Finally, since the heat treatment of the body materiel is eccomplished in the atmosphere 
•containing the vapor (or mist) of the monomer Mc (or the monomer Mb), it is possible to prevent the 

35 distribution of refractive index from distorting at the periphery of the body matenal (3b). 

The third and fourth embodiments of this invention are illustrated in Fig. 4 and Fig. 5, respectively. In 
the diffusion unit (40) shown in Fig. 4, the liquid monomer Mb is supplied to the upper inlet (41) and is 
stored in the monomer reservoir (42). The overflow from the reservoir flows down through the gap (43) and 
then along the inside wall (44a) of the gas phase diffusion chamber (44). Since the inside wall (44a) is 

40 heated by hot water (46) passing through the jacket (45), the monomer Mb flowing along it is vaporized. 
The vapor of the monomer Mb is discharged for recovery through the outlet (48), together with nitrogen 
introduced from the inlet (47). The monomer Mb which has flowed down without being evaporated is 

TS da^nS^'shiiwn in Fig. 5, the liquid monomer Mb is introduced to the - 
45 reservoir (51) at the bottom of the diffusion unit (50), and is vaponzed by nitrogen bubbles generated by the 
babbler (52) so that the gas phase diffusion chamber (53) is filled with the vapor of the monomer Mb 
Kgen fo bubbling may be replaced by argon, helium, or other inert gas. The monomer reserve. J51) is 
separated from the body material (3b) by the internal wall (54). In other words, "nhke the second 
embodiment, the body material does not come into contact with the iquid monomer Mb. The liquid 
50 monomer Mb is supplied to the monomer reseivoir (51) through the inlet (55), and an excess of the 
monomer Mb is discharged for recovery from the.outlet (56). The ^° f ^^ 
for recovery through the outlet (57) connected to the vacuum pump. The monomer reservoir (51) may be 

hea ?n^h y e t emeoS e mS•as shown in Figs.4 and 5, the gas phase diffusion is carried oui t at norma. 

55 pressure. Since the body material (3b) comes into contect with the monomer Mb in the form of gas, it is not 
necessary to add a polymerization inhibitor to the monomer Mb. Thus the monomer Mb can be recycled 
repeatedly and recovered at a high rate. .___„,„,«. 

The fifth embodiment of this invention is described with reference to Fig. 6. The diffusion apparatus 
(60) in this embodiment consists of the diffusion unit (61) and the monomer gas generator (62). The 

so diffusion unit (61 ) is provided at its bottom with the outlet (63) which is connected to the vacuum pump (65) 
through the exhaust pipe (64) and the cold trap (66). The gas phase diffusion chamber (67) is evacuated by 
Z Vacuum pump (65) through the exhaust pipe (64) and the gap (68). The diffusion chamber (67 is heated 
2 a pr^cribed temperature by the jacket through which hot water (71) passes from the inlet (69) to the 

55 ^The upper part of the diffusion unit are connected to the pipes (72) and (73). When the valve (74) on the 
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pipe (72) is open, nitrogen is introduced into the upper chamber (76) of the «^^^ n ^ h h £" 
pipe 72 and the gap (75). The nitrogen introduced into the upper chamber 76) of the diffusion unit (61) 
teeps the ges phase diffusion chamber (67) from oxygen. When the valve (77) on the pipe (73) ' » open. *e 
vapor of the monomer is introduced into the diffusion chamber (67) through the inlet (78) and the gap (79). 
5 The thermometers (80), (81), and (82) are provided to measure the temperature at each section in the 

d ^Th°e n mon t omer gas generator (62) is provided with the feed pipe (83) to supply the monomer Mb. When 
the valve (84) on the feed pipe (83) is open, the monomer Mb .s supplied to the reservoir (85), which is 
cooled, for example at 10°C, by cooling water passing through the cooling pipe (86) arranged outeide the 
10 reservoir (85) The monomer MB (97) is then introduced^ the storage vessel (89) when the valve (88) on 
t^ pTS (87) is opS. The storage vessel (89) is cooled, for example at 10»C. by cooling water passing 
through the cooling pipe (90) arranged outside thereof. thB ._„ , q . , ,„> and 

The storage vessel (89) is connected to the second storage vessel (94) through the > pipes (91 ). (92), and 
(93). The pipe (92) is provided with the pump (95) which returns the monomer Mb (97) from the second 
,5 storagevesS M to the first storage vessel (89). The second storage vessel (94) Cheated to 30 to^^ 

me heater (96 arranged on the outside thereof. In the case where 2-2-2 tnfluoroethyl methacrylate 
3FMAHs used as the monomer Mb, the second storage vessel (94) is heated to 70 to 80»C. In the second 
storage vessel (94) is installed the bubbler (98) from which bubbles of en inert gas (e.g., nitrogen) are 
gene^ted. The inert gas is supplied through the pipe (100) and the valve (99). The vapor of the monomer 
20 Mb generated by the bubbler in the second storage vessel (94) is introduced into the drff us.on chamber (67 
of the diffusion unit (61 ) through the pipes (101 ) and (73). The pipe (73) is provided with the flowmeter (102) 
to measure the flow rate of the vapor of the monomer Mb. 

The following is the method for diffusing the monomer Mb into the body material (3b) by using the 
diffusion apparatus (60) mentioned above with reference to Fig. 6. A prescribed amount of liquid monomer 
25 Mb is filled" into the reservoir (85) through the feed pipe (83) with the valve (84) open and the valve (88) 
closed. The valve (84) is closed. The liquid monomer Mb in the reservoir (85) is coo about 1£ C. The 
valve (88) is opened to transfer the liquid monomer Mb to the first storage vessel (89) through the pipe (87). 
As the level of the liquid monomer Mb rises to the pipe (91), the liquid monomer begins to flow into he 
second storage vessel (94) through the pipe (91). After a while, the levels of the .quid monomer Mb in the 
30 first and second storage vessels (89) and (94) are balanced. The velve (88) is hslf closed so that the liquid 
monomer Mb fells dropwise from the end of the pipe (87). Incidentelly, the first and second storage vessels 
(89) end (94) are previously kept at about 10°C and 80°C, respectively. 

As the pump (95) is set to working, the liquid monomer Mb in the second storage vessel (94) is returned 
to the first storage vessel (89) through the pipe (92). The operation of the pump (95) lowers the i level of _the 
as monomer Mb in the second storage vessel (94) and raises the level of the liquid monomer Mb in the first 
storage vessel (89). But the difference of the levels becomes even soon because a part of the liquid 
monomer Mb in the first storage vessel flows into the second storage vessel (94) through the pipe (91). In 
an equilibrated state, the liquid monomer is fed dropwise from the end of the pipe (87) while the .quid 
monomer Mb is circulated between the storage vessels (89) and (94), with the levels in them almost 
40 balanced. The pipe (93) connecting the first and second storage vessels (89) and (94) with each other at 
their upper parts equalizes the pressures of the spaces (89a) and (94a) in the first end second storage 
vessels (89) and (94), respectively. This helps balance the levels of the liquid monomer Mb in the iwo 
storage vessels (89) and (94). The circulation prevents the liquid monomer Mb from polymerizing in the 
second storage vessel (94) which is heated to about 80°C. The quentity of the monorner Mb to be fed 
45 dropwise from the end of the pipe (87) should be just enough to replenish the monomer Mb consumed by 
evaporation in the second storage vessel (94). In practice, the feed is sdjusted automatically by selecting 
the pipe (87) of proper diemeter. As the level of the liquid monomer Mb in the first storage vessel (89) 
lowers and the forward end of the pipe (87) gets clear of the liquid monomer Mb, air enters the forward end 
of the pipe (87), permitting a certain amount of the liquid monomer Mb to be discharged automatically 
so from the forward end of the pipe (87). 

When the level height and temperature of the liquid monomer Mb become stable m the first and 
second storage vessels (89) and (94), the velve (99) is opened end nitrogen is introduced to the bubbler (98) 
through the pipe (100). Thus the liquid monomer Mb is vaporized and the second storage vessel (94) is 
filled with e mixture ges of the vepor of the monomer Mb and nitrogen. This mixture ges is introduced to 
55 the diffusion unit (61) through the outlet (101) and the pipe (73), and it is further introduced into the gas 
phase diffusion chamber (67) through the inlet (78) and the gep (79). The mixture gas thus introduced into 
the gas phase diffusion chamber (67) flows downwerd through the space between the body materia (3b) 
and the inside wall (67a) of the diffusion chamber (67), and finally it is discharged through the gap (68), the 
outlet (63) end the exhaust pipe (64) which is connected to the vacuum pump (65). While the mixture gas 
60 flows downward through the abovementioned space, the monomer Mb contained in it comes into contact 
with the body materiel (3b) and diffuses into it The diffusion chamber (67) is heated by hot water (71) to a 
temperature equal to ora little higher than that of the second storage vessel (94). This temperature is about 
80°C in the case where the monomer Mb is 3FMA. While the diffusion is performed, nitrogen is introduced 
into the upper chamber (76) through the pipe (72). The flow rate of nitrogen is about 5 times as much as that 
65 of the mixture gas flowing through the pipe (73). 
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In this embodiment, the monomer gas generator (62) and the diffusion untej (61 h are s ^ a * d *™ m 
each other but connected by the pipe (73). Thus it is possible to adjust the flow rate of nitrogen to the 
bubbleS) and th^ temperature of the second storage vessel (74) and to adjust the eoncanpton o the 
vapor of the monomer Mb generated in the second storage vessel (94). This, in 
S perform diffusion with the mixture gas containing the monomer Mb in a des.red mwM a° n ;™ e 
storage vessel (89). which is kept at a low temperature, and the second storage vessel (94) a "°nnected by 
me pipes (91) and (92), through which the liquid monomer Mb is circulated by the pump (95), so that the 
polSation of tLe monomer Mb in the second storage vessel (94) is prevented. The levels of the liquid 
monomeX in the first and second storage vessels (89) and (94) can be kept balanced, rf he iqu.d 
w monomer Mb is supplied from the end of the pipe (87) as much as necessary to replenish the l.qu d 
monomer Mb which has been consumed by evaporation in the second storage vesse 94 ) Thus i t is 
possible to vaporize the liquid monomer Mb at a constant rate in the second storage vessel (94 .This leads 
to toe funHom supply of the vapor of the monomer Mb to the diffusion chamber (67) and the uniform 
Sftosio ™STg toe length of the body material (3b). The uniform diffusion leads to the contonuous 
, 5 pSon of me .light transmitting article of synthetic resin having the uniform optical prope* ^ng^ 
length. The arrangement to evacuate the diffusion chamber (67) by the vacuum pump (65) prevent he 
monomer Mb from accumlating at the upper end of the teflon tube 4a). But for ^ngement the 
roundness of the body material (3b) will be impaired by the eccumulat.on of the monomer Mb and the 

diffusion will fluctuate along the length. i«„ ««» 

20 In the case where the apparatus of this embodiment is not employed, the following troubles will occur 
• The vapor of the monomer Mb, which is heavierthan nitrogen, will become 'condensed in the lower part of 
the gas phase diffusion chamber and accumulate at the upper end of the teflon tube (4aK The accumu ated 
monomer Mb will polymerize as time goes on, impairing the roundness of the body material (3b). This, n 
torn adversely affects the axial symmetry of the distribution of the light transmitting article of synthet,c 
25 resin to be produced continuously. When the monomer Mb accumulates in large amounts at the , upper end 
of the teflon tube (4a), the accumulated monomer in the form of liquid also diffuses into the body material 
SbTTs means that the quantity of the monomer Mb that diffuses into the body material 3b) varies 
Sending on the lapse of time. Under such conditions, it is impossible to produce continuously the light 
transmitting article of synthetic resin having the uniform optical properties. „„» 
so In this embodiment; the vapor of the monomer Mb which has been .introduced into toe diffus^n , unrt 
(61) but has not been consumed for diffusion is discharged by the vacuum pump (65) and recovered for 
recycling by th6 cold trap (66). 

In this embodiment the first and second storage vessels (89) and (94) are the same in volume. But it is 
also possible that the former is larger than the latter. It is also possible that they are connected by more 
35 than three pipes. The transfer of the liquid monomer Mb from the second storage vessel (94) to the first 
storage vessel (89) by the pump (95) may be reversed as occasion demands. 
The sixth embodiment of this invention is described with reference to Fig. 7. 
In this embodiment, the body material (3b) which has emerged from the teflon tube (4a> of the heating 
molder (4) enters the gas phase diffusion chamber (1 1 1) of the diffusion unit (1 10). The diffusion chamber 
40 (11 1 ) is surrounded by the jacket (112) through which a heating medium passes. The jacket (1 12) consists of 
three independent sections (112a), (112b), and (112c). The upper one is heated at a higher temperature than 
the lower one. The jacket provides the desired temperature gradient in the direction of the movement of the 
body material (3b). The liquid monomer Mb to be diffused into the body material (3b) is supplied through 
the pipe (113) to the reservoir (114) arranged under the diffusion chamber (111). At the bottom of the 
45 reservoir (114) is arranged the bubbler (115) through which an inert gas such as nitrogen is discharged to 
vaporize the liquid monomer Mb in the reservoir (114). The vaporized monomer Mb fills the diffusion 
chamber (111) and comes into contact with the body material (3b) made of the monomer Ma. An excess of 
the monomer Mb which has not diffused into the body material (3b) is discharged from the outlet (116). The 
body material (3b) which has emerged from the diffusion chamber (111) continues to ascend and enters the 
so heat-treating tube (20) which is given the upward temperature gradient by a plurality of heaters (22) (four 
heaters, for example) which are independently controlled. The four heaters are kept at 90°C, 110°C, 120°C, 
and 130°C, respectively. 

The body material which has undergone polymerization is discharged continuously from the top of the 
heat-treating tube (20) and cut to legnth by the cutter (not shown). 
55 In the embodiment as shown in Fig. 7, the monomer Mb is supplied to the reservoir (114) and then 
vaporized by the bubbler (115). But this arrangement may be replaced by that shown in Fig. 1, in which the 
monomer Mb is vaporized by the evaporator (8) and the vapor generated by it is introduced into the gas 
phase diffusion chamber. 

In this embodiment, the jacket (112) is heated to give the upward temperature gradient along the 
so direction of the movement of the body material (3b). But the downward temperature gradient is also 
possible. 

As the diffusion temperature is raised, the diffusion rate of the monomer Mb increases and the rate of 
polymerization of the body material (3b) increases. As the diffusion temperature is lowered, the diffusion 
rate of the monomer Mb decreases and the rate of polymerization of the body material (3b) decreases. The 
65 distribution of refractive index varies depending on the combination of the diffusion rate of the monomer 
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Mb and the rate of polymerization. The adjustment of the diffusion temperature and the diffusion time 
controls both the diffusion rate and the polymerization rate Thus it is effe*.ve in producing the l.gh 
transmitting article of synthetic resin having the distribution of refractive index with a minimum of overall 

5 8ber Sco?ding to another possible arrangement, a plurality of partitioned compartments are disposed 
which are independently temperature-controlled in the direction of the movement of the body materia 
(3b) Each compartment is filled with the monomer Mb in the form of ges or mist, and the body material 
(3b) is passed through them along the passageway penetrating the partitions. 

The arrangement of this embodiment can be applied to the case where the monomer Mb to be diffused 
to into the body material (3b) is a liquid instead of a gas or mist. 

The temperature gradient to be epplied to the body material (3b) at the time of diffusion shou d be 
0.05*C to 3.0'C per minute, and preferably 0.2»C to 1.2°C per minute. If it is 'excessively steep, Renter of 
the body material (3b) is completely polymerized before the monomer Mb diffuses to the center of the body 
materiel (3b>. Consequently, the desired distribution of refractive index is not obtained in the vicinity of the 

is center of the body material. On the other hand, if the temperature gradient is excessively gentle, the 
monomer Mb diffuses excessively into the body material before the polymerization comes to Mrnplet|on. 
In such a case, the distribution of refractive indexes becomes flat at the penpheral part of the body matenal. 

The diffusion temperature should be 20'C to 100°C, and preferably 60«C to 90°C. If the temperature of 
the body material (3b) and the temperature of the environment surrounding it are excessively high 

20 polymerization comes to completion before the diffusion of the monomer Mb reaches the center of the 
body material. On the other hand, if they are excessively low, an excessive amount of monomer Mb 
diffuses before polymerization comes to completion; with the result that there is no difference in refractive 

index between the center and the periphery of the body material. „_™ B „*i„„oH 

When the diffusion is performed at the above-mentioned temperature with the above-mentioned 

25 temperature gradient, it is possible to balance the rate of polymerization of the monomer M ^nstitut.ng 
the body material and the monomer Mb being diffused with the rate of diffusion of the monomer Mb into 
the body material. Thus it is possible to produce the satisfactory light transmitting article of synthetic resin 
hsving the radial distribution of refractive index as defined by the equation (1) or (3). 
The seventh embodiment of this invention is described with reference to Fig. 8. 

30 In this embodiment, the body material (3b) formed by the teflon tube (4a) in the heating molder (4) 
passes through the cylindrical impregnated body (121) which is impregnated with monomer Mb , in the 
following manner. The liquid monomer Mb is supplied from the reservoir (123) tothe impregnated body 
(121 ) through the pipes (124) and (125) by the micro-constant delivery pump (122). The liquid monomer Mb 
thus supplied infiltrates into the impregnated body (121) and flows downward through it by gravity. Thus 

as the impregnated body (121) is kept impregnated with the monomer Mb at all times. The ^"nomer Mb 
which has passed through the impregnated body (121) is collected by the receiving i pen (126) d sposec I at 
the bottom of the diffuser unit (120) and then returned to the reservoir (123) through the outlet (126a), the 
pipe (127), and the separator (1 28). The separator (1 28) separates the monomer Mb from 'mounties such as 
monomer Ma which the body material (3b) might discharge when rt passes through the hole (121a) in the 

40 impregnated body (121). The thus separated impurities are discharged through the discharge pipe (130). 
As the body material (3b) passes through the hole (121a) in the impregnated body (121), the monomer 
Mb diffuses to the center of the body materiel (3b) since the inside of the hole is kept wet with the monomer 
Mb. The possibility of the body material (3b) being scratched by the hole (121a) can be avoided by polishing 
its inside wall or by removing sharp angles on its inside wall by chemical treatment 

4S The hole (121a) in the impregnated body (121) should havea little larger diameter than that of the body 
material (3b) formed by the heating molder (4). 

The temperature of the impregnated body (121) should be kept such that the upper part is higher than 
the lower part A proper temperature gradient should be established according to the desired distribution 
of refractive index. , 

so The impregnated body (121) may be mede from any substance, soft or herd, thet can be impregnated 
with the the monomer Mb. Examples of suiable substances include high moliculer organic materials such 
es polyolefin, polycarbonate, polyurethane, cellulose, and phenolic resin; porous bodies made by sintering 
or foaming from organic polymers such as polyether, polycarbonate, polyester, polyamide, and polyolefin 
in which macromonomers having cross linking functional groups such as groups having double bond and 

55 silanol groups at the both ends of the oligomer are polymerized; sintered glass and ceramics; and foamed 
metal and sintered metal. J ^ 

According to this embodiment, it is possible to overcome the above-mentioned drawback involved in 
the case where the body material (3b) is steeped in the the liquid monomer Mb, because the monomer Mb 
continues to flow on the surface of the body material (3b) even when the upper part of the impregnated 
' 60 body (121) is kept at a temperature that would permit the copolymerization of the body metenal (3b) and 
the monomer Mb which has diffused into the body meterial (3b) and fix the distribution of the monomer 
Mb in the body material (3b). This also applies to the case where the impregnation of the impregneted body 
(121) is accomplished by merely steeping it in the liquid monomer Mb. In such e case, the monomer Mb 
picked up by the impregneted body (121) flows down naturally through the impregnated body (121) and the 

65 inside of the upper pert of the hole (121a) is not wetted with the monomer Mb. Thus, if the temperature of 
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,0 (3b) and the funnels.! nan which is oraperly! IM to , Be Ifaarrad onst For 

bubbHng SlrVgen so thaTthe vapor of the monomer Mb fills the upper part of the diffusion un,t and 
20 diffuses, in the form of gas, into the body material. 

The eighth embodiment of this invention is described w.th reference to Figs. 9 and I 10. 
In Ra 9 there is shown the water-cooled cylinder (1) which contains the prepolymer fluid (3a as the 
raw material' of «?e TightTansmitting article ofsynthetic resin. The cylinder (1) holds the plunger I Uo 
fon^ th?preSlymer 9 fluid (3a) into the feed pipe (2). The plunger (141) .s moved back and forth by the 

" -it (7). and the heat-treating tube (20, ^^^R 

are the same as those used in the embodiment illustrated in Fig. 1, with the exceptor, that the pipe (146) .s 
fnTemosed^bXeen the heating molder (4) and the diffusion unit (7). This piper (144) is prov.ded with t»o 
naXi ^alasSnoow^ (144) and (145) through which the diameter of the body matenahs measured. The 
E? mSS^SSt^L receiver (148) are arranged so that the laser beam (149 ^ns across 
E bo^Sal (3b through the window (144). The diameter of the body matenahs calculated from the 
the Doay rnaxerianooj inrougn iiib , receiver (148) transmits the difference between the 

Z^S£££Z - E ofhe |!S). The diameter controller (150) issues a 

feed-ba£siS ?o thrextruder motor (143) to regulate the speed of the plunger so that the d.ameter of the 

b °\?emt^ conventional techno.ogy in which the fluctuation of the 

diamler oTthe Tbo^matSMSb) was inevitable for the reasons mentioned below. Certa.n fUjctuat,on ,n 
SepSnge speed is'unavoidabie due to errors in the drive screw (142) and the dnve mo or IWM 
limit to the precision of the inside diameter of the cylinder. Thus the prepolymer fluid (3a ) e* ruded from 
Z Cruder (1) fluctuates in volume rate of flow. The fluctuation of the volume !s_ ^anced .as the 
SLSer (3a) undergoes heat polymerization. The fluctuation in volume rate of flow affects the diameter 
K S miSSl because it is pulled up at a constant rate. The fh.ctuat.on ,n diameter leads to the 
fluenwfenin the distribution of refractive index after the diffusion of the monomer Mb 

Tne above-mentioned disadvantages are overcome in this embodiment on .court £ the ^ control I of 
« the extrusion rate of the prepo.ymer fluid (3a), said control be.nj M»>^ according to the 
measurements of the diameter of the body matenal formed by the heating molder (4 . 

T tTs SventSn, tt» monomer Me used to form the transparent network polymer Pa having a 
refrartive fndex d f N may be a simple substance or a mixture of monomers. The preferred monomer Ma ,s 
LtSS STtSo or mo're doubie'bonds such as ally, group, acryiic ^^J^SaS^ ^ 
so and vinyl group, individually or in combination. Examples of the monomer Ma are as follows. 

<1) "cEuS^ *°phthalate, «* terephtha.ate and die^leneg.yco. 

bisallyl carbonate; triallyl esters such as triallyi trimellitate, triallyl phosphate, and tnallyl phosph.te. and 
allyl esters of unsaturated acid such as ally! methacrylate and ally! acrylate. 
bs il\ Comoounds reoresented by R, — R 2 — R 3 and a mixture thereof: 

ConiZn^Tn whteh both R, and R 3 are vinyl groups, acrylic acid groups, vinyl ester groups, or meth- 
acr^c SToups^nd compounds in which either R, or R 3 is a vinyl group acrylic acic gr oup. ^.nyl ester 
group, or mlthacrylic acid group, and the other is any one of the rema.n.ng three groups. The group R 2 >s 
selected from the following divalent groups. 

so 

CH 2 - 

-CH 2 -/ ^ (P~ or »- isomer > 

65 \=/ 
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35 



40 
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(p- or n- isomer) 



H 
I 

-C- 

I 

io CH3 



-(CH 2 CH 2 Ot m CH 2 CH 2 - (■ - 0 to 20) 

IS 



^,CH 2 -CH 2x ^ 

20 -CH 

Ns CH 2 -CH 2 



-<CH 2 ) p - (p - 3 to 15) 

(CH 2 )iH 
30 I 

-CH 2 - C - CH 2 (if j " 1 to 3) 

I 

(CH 2 )jH 

35 



tCH 2 -CHO) k - CH 2 - C - (Je = 0 to 20) 

40 I I 

CH 3 CH3 

(3) A mixture of the above monomers (1 ) and (2), or a mixture of either of the above monomer (1 ) or (2) (or a 
4S mixture thereof) and at least one kind of monovinyl compound, vinyl ester, acrylate ester, and methacrylate 

^The monomer Mb used in this invention is selected from those monomers which, upon 
polymerization, form a transparent polymer Pb having a refractive index Nb which is higher than or lower 
than the above-mentioned refractive index Na. The monomer Mb may be a simple substance or a mixture 
of monomers. The polymer Pb may be either a network polymer or a linear polymer. If the ref ractive index 
Nb is smaller than the refractive index Na, the resulting light transmitting article has the distnbution of 
refractive index as defined by the equation <1) and works as a convex lens. Conversely, if the refractive 
index Nb is greater than the refractive index Na, the resulting light transmitting article has the distribution 
of refractive index as defined by the equation (3) and works as a concave lens. The difference between the 
refractive indexes (INa — Nb|) should preferably be greater than 0.005. If the difference is too small, the 
gradient of refractive index is not obtained as desired. In the case where the diffusion is carried out in the 
gas phase, the monomer Mb should preferably have a comparative high vapor pressure, say a saturated 
vapor pressure higher than 5 mmHg at the diffusion tempereture. Exemples of such monomer Mb include 
styrene, methacrylate ester, acrylate ester, vinyl acetate, vinyl chloride, acrylonitrile, end butadiene, and a 

60 mixture thereof. . . 

The additional examples of the monomer Mb include compounds represented by the formula 



so 



ss 



CHj=CH0C-R 4 

II 

65 0 
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and mixtures thereof with the above-mentioned compounds, wherein R 4 denotes 

-(CH 2 )f-CH 3 (f = 0 to 2), -(CH 2 ) g H 

c, - i «> 3), -(«a>h-0' " " (CH2U lCO ^ A= ° 

w to 2). 

The combination of the network polymer Pa and the monomer Mb should be sorted » that the 

" d«^ SSS EBBS 

"^p^ «««« Mb that provides the iight transmitting 

^hEKS.^^ or a mixture thereof with dially. phtha.ate, 

wiSEESf^^ ■ on «"\ of d !f n % e glYCo1 bisa,lY ' carbonate m the 

mixture should be greater than SO wt%, preferably greater than 70 wt%). 

Monomer Mb: Compounds represented by the formula (A) or a mixture thereof. 

X 

CH 2 =C-COOY < A > 

wherein X is hydrogen or a methyl group; and Y is a group selected from the group consisting of phenyl 
JSu™ nwtM?hen!l group, vinyl group. -(CH 2 ),H (I = 1 to 8), i- P ropyl group, .-butyl group, s-butyl group. 



20 



25 



35 t-butyl group, 



40'. 



to 2), and *CH 2 CH 2 0)zCH3 (z * 1 to 3) 



(b) Monomer Ma: Methylene glycol bisallyl carbonate, or a mixture thereof with methyl acrylate, ethyl 

45 acrylate, n-butyi methacrylate, or t-butyl methacrylate. (The content of diethylene glycol bisallyl carbonate 

in the mixture should be greater than 10 wt%.). t 

Monomer Mb: Fluorine-containing alcohol ester of methacrylic acid or acrylic acid represented by the 

formula (B) or a mixture thereof. 

so * 

CH 2 =C— COOY (B) 

wherein X is hydrogen or a methyl group; and Y is a group selected from the group 'consisting of -HCjy,F ' (i 
55 = 1 to 6), ^CH 2 (CF 2 ).H (j = 1 to 8), -CH 2 CH 2 0CH 2 CF 3 , -(CH 2 CH 2 0) k CF 2 CF 2 H (k = 1 to 4), 
-CH 2 CH 2 OCH 2 (CF 2 ),F (I = 1 to 6), and -CH 2 (CF 2 ) m O(CF 2 ) n )F <m = 1 to 2, n = 1 to 4); or a compound (C) 
represented by the formula (B) wherein Y is —SKOCsHsJg. 

(c) Monomer Ma: A mixture of diethylene glycol bisallyl carbonate and the compound (B) or (C). (The 
content of diethyiene glycol bisallyl carbonate in the mixture should be greater than 10 wt,*., ...onomer 

60 Mb: The compound (A). 

The gelling rate of the body material can be adjusted by incorporating the cross! mkable monomer Ma 
with a monomer having one unsaturated group or a chain transfer agent such as CBr 4 , CCi*, and a 

mercaptan, or both. . 

The monomer Mc used in the second embodiment is a monomer which is the same or different trom 
65 the monomer Mb, and it forms the polymer Pc having a refractive index of Nc. The monomer Mc may be a 
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simple substance or a mixture of monomers. The compounds enumerated as the examples of the 
monomer Mb can be used as the monomer Ma Those having a high vapor Pressure js P eferred. 
The invention is now described in more detail with reference to the following examples. 

5 Example 1 ... 

The prepolymer fluid was prepared by heating diethylene glycol bisallyl carbonate (CR-39) containing 
3 0 wt% of benzoyl peroxide (BPO). a polymerization initiator, at 75°C for 65 minutes. Th.s prepolymer had 

3 V,8 ^r.Xt 1 fSd X d25d into the extruder ,1, and fed continously to me teflon tube 
w 4 mm in diameterand 200 mm long, which passes through the heatmg molder W a a constant rate of 6 3 
x 10~ 2 ml/min. The heating molder (4) had an upward temperature grad.ent produced by hot watei (78°C) 
circulating in its upper part and hot water (58T) circulating in its lower part While passing th rough the 
Sflon tube |4a) over 40 minutes, the prepolymer (3a) gelled to form the body , rnatenalOW^ 4 mm n 
diameter. The body material was composed of 25 wt% ofacetonwnsclublecorn^ 
/s 5 wt% of acetone-soluble and methanol-insoluble component (linear polymer), and 70 wt/o of acetone 

soluble and methanol-soluble component (monomer and oligomers). 

The body material (3b) was pulled up into the diffusion unit (7) at a rate o 0.52 cm/min by means o he 
take-up motors (24) and (25).ThemonomerMb(1,1,5-trihydroperfluo^ 

had been atmoized by ultrasonic (1.625-1.7 MHz) in the atomizer (8), was fed at a flow rate of 200 m Urn. n 
20 Cy thTaW "Tn itrogen carrier gas, into the diffusion unit (7) heated at 50»C by hot water (17). The body 
ma ena! was allowld to pass through the diffusion unit (7) over about 50 minutes. During his period, the 
monome7Mb Effused into the booV material (3b) and the body material (3b) partially polymerized. The 
unused monomer Mb in the form of mist was recovered through the outlet (13) at a flow rate of 2.0 l/m.n by 

25 ^loTnrZdVfftlsion process, the body material (3b) was introduced into the heat-treating tube (20), 
with the atmosphere replaced with nitrogen. While passing through the heat-treatong tube (20) over about 6 
hours ^polymerization of the body material (3b) came to completion. Thus there was obtained 
conTnuousirthe light transmitting article of synthetic resin (3c). The , heat-treat, ng . tube , (20) « ' made up o 
four sections, each kept at 90»C (bottom). 110°C, 120°C, and 130»C (top), so that the heat treatment 

so temperate > ^ artjcie of 8ynthetic resin was % ^cal convex lens 4 mm in 

diamier, haJng the uniform optical properties. It had A = 2.45 x JO^ fcon^ *J Jbuton 
refractive index of equetion (1 )) and L = 41.5 mm (pitch) in equation (2). Since the light ttinmlns arbcte 
has the distribution of refractive index defined by equation (1) across its entire cross-section, it was not 

35 necessary to shave the periphery of it It had a numrical aperture NA = 0.47. wh.ch indtcates that its 

"""S monomer TCSfmS racov^radfrom the diffusion unit (7) was able to be recycled many times 
because almost no polymerization took place in it during the recovery process. 

In view of the fattthat 8FMA used as the monomer Mb in this example 5" ^"^ ,^^,2 
ao 6 mmHg, it would give a light transmitting article having a gentle grad.ent of refractive index (L > 200 mm) 
if the conventional technology had been employed. 

Example 2 . 
The prepolymer fluid was prepared from CR-39 in the same way as in ^^^^W 
fluid was formed into the body material (3b) by gelation in the heating molder '^^M^^. 
was introduced into the diffusion unit (7) filled with the mist of phenyl ^'^ZS^^SiS^ 
nitrogen spray in the atomizer (8). While the body material (3b) passed th |;° u 9 h .^ 
miniL, the PhMA was diffused, with partial polymerization. The body J^^^Sg 
diffusion was subjected to heat treatment in the same way as in Example , whereby there i was ommN 
SnousMhe Mght transmitting article of synthetic resin (3c). It was 4 mm in diameter and had the optical 
^Z^SSSISconJe 'ens, with the constant of distribution of refractive index being B = 6.3 x 
1CT 3 /mm 2 . 



45 



so 



55 



Example 3 

The prepolymer fluid (having a viscosity of 101 5 cp at 2<rX, and 2 57 x f 
the value* of k and n in equation (4), respectively) was prepared in the same way as in! ^™gjv™ 
prepolymer fluid was formed into the body material (3b), 4 mm in diameter. It was composed of 2 5 wt A erf 
acetonTVnsoluble component (network polymer), 5 wt% of acetone-soluble and methano -insoluble 
comport (linear polymer), and 70 wt% of acetone-soluble and methanol-soluble component (monomer 

60 Se bodymaterial (3b) was pulled up into the diffusion unit (30) shown in Fig. 3 at a rate of 0.25 cm/min 
bv means of Se SSup means The monomer Mb (1,1,3-trihydroperfluoropropyl methacry ate (4FMA) 
w^s fed at a flow rate of 1.0 ml/min into the liquid phase diffusion chamber (31). Polymenzation jnhibito 
was not added to 4FMA. 4FMA was vaporized by the bubbling of nitrogen introduced at a flow rate of 

55 20?^ so es to Ke gas phase diffusion chamber. The liquid phase diffusion chamber (31) and the 
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□as ohase diffusion chamber (35) were kept at 70°C and 80°C, respectively, by circulating hot water around 
85ff5 unused vapor of 4FMA was recovered at a flow rate of 800 ml/min by the vac""m pump. 4 FMA 
recovered from the gas phase diffusion chamber (35) and the l.quid phase d.ffus.on chamber (31) was 
ewded maTt mel because almost no polymerization took place in it during the recover process. 
5 [ncidentaK!the atmosphere of the gas phase diffusion chamber (35) had previously been replaced with a 

ni ThLTe^S the lipuid diffusion chamber (31, and the >*s phase 

diffusion , chamber (35) over about 5 minutes and about 30 minutes, respectively 4FMA was drffused, wrth 

,o ^W^Te d^sion pSs, the body material (3b) was introduced into the heat-treating tube (20). 

in which heat treatment was performed in the same way as in Example 1. 

The thus produced light transmitting article of synthetic resin was a cyl.ndrical convex lens, 4 mm in 

diameter, having the untform optical properties. It had A = 2.22 x 10"W (.n equation (1)) and L = 

4 2 Tmm (In equation (2)). Since the light transmitting article had the d.stnbution of referact.ve index 
is definTd by equation (1) across its entire cross-section, it was not necessary to shave the penphery of rt It 

had a numerical aperture NA = 0.45, which indicates that its performance as a convex lens .s supenor. 

Example 4 

The prepolymer was prepared by heating ethylene glycol dimethacrylate (EDMA) contam.ns ,0.10 wt/o 
20 of BPO and 0.50 wt% of carbon tetrabromide (CBr 4 ) at 45°C for 50 minutes in the nitrogen atmosphere. The 
viscosity was 930 cp at 20°C; K = 3.23 x 10- 2 cm 2 /dyne/sec; and n = 1.19. 

The prepolymer was charged into the extruder (1) in the same way as in Example 1. It was fed 
conh?uou^y7mo 4 teflon tub! (4a) (4 mm in inside diameter and 1 96 mm Jong) held in ^ heattng mo.dar 
(4) at a flow rate of 6.0 x 10" 2 ml/min. The heating molder (4) was kept at 60«C at top) and 30°C (at bottom) 
25 Lywarm wa er circulating around it While passing through the teflon tube (4a), the prepo^mer M#*ed 
to form the transparent body material (3b), 4 mm in diameter. It was composed of 5.5 wt% of acetone- 
nsoluble component (network polymer), 0.3 wt% of acetone-soluble and methanol-.nso ^jf ~^" en J 
(linear polymer), and 84.2 wt% of acetone*oluble and methanol-soluble component (monomer end 

30 0li9 Thlbody material (3b) was introduced into the liquid diffusion chamber (31) shown in Rg.3 into , 4FMA 
was be^g fed at a flow rate of 1.0 ml/min. The liquid diffusion chamber (31 1 ) was kept at 6CTC The .drttaon 
of 4FMA was accomplished while the body material (3b) passed through the liquid dWusion chambe • (31 
over about 5 minuted. 4FMA was vaporized by the bubbling of nitrogen , 200 mVm.n) through the bubbler 
placed 24 mm deep in 4FMA, so that the gas phase chamber 35) was filled with th .^ a P^° f h ^. The 

35 unused vapor of 4FMA was recovered at a flow rate fo 800 ml/mm. The gas phase nf 
was kept at 65°C by circulating hot water through the 72-mm long jacket (32). The residence t.me of the 
bodv material (3b) in the gas phase diffusion chamber (35) was about 15 minutes. 
XrS 

heat-treating tube (20) in which polymerization was brought to completion by heating. The heat-treating 
« Se was given an upward temperature gradient of 65-C, 7VC, 85«C, and 1«TC by the heater (^LThus 
there wes produced continuously the rod-like light transmitting article (3c). The d.stnbution of refrajttve 
ndexe™ was found in the radius of 1.68 mm (84% of the total radius). It was a cylindrical convex "ens having 
A = 3.03 x 10- 2 /mm 2 ; L = 36.1 mm; and numerical aperture NA = 0.36 within the diameter of 2.7 mm. 

45 Example 5 ' 

The body material (3b), 4 mm in diameter, was prepared in the same way as in Example 3. It was 
introduced at a rate of 0.52 cm/min into the gas phase diffusion unit (7) shown in Fig. 1. In the residence 
time of about 40 minutes, the vapor of 2,2,2-trifluoroethyl methacrylate (3FMA containing 0.01«rt%of 
hydroquinone (HQ), a polymerization inhibitor, was diffused, with partial polymenzaton 3F MA was 

50 vaporized by the vaporizer (8), and the vapor was introduced into the diffusion chamber (1 through the 
inlet (10). The unused vapor of 3FMA was recovered by the pump (12) through the outlet (13 . The 
recovered 3FMA was recycled many times because almost no polymenzation took place m it The 
atmosphere of the diffusion chamber (11) had previously been replaced with nitrogen at a flow rate of 
foOO ml/min prior to the introduction of 3FMA. The diffusion chamber (1 1 ) was kept at 80°C by circulating 

55 -hot waterJ17^ t th g 0 d U ^ s * e n j p^ s tne body mate rial (3b) was introduced into the heat-treating tube (20), 

in which heat treatment was performed in the same way as in Example 1 - 

The thus produced light transmitting article of synthetic resin was a cyl.ndrical convex lens, 4 mm in 

diameter, having the uniform optical properties. It had A = 219 * lO^mrn (m e^at'on (1» and L = 
so 42.5 mm (in equation (2)). Since the light transmitting article had the d.str.buton of refractive mdex defined 

by equation (1) across its entire cross-section, it was not necessary to shave the penphery of it It had a 

numerical aperture NA = 0.44, which indicates that its performance as a convex lens is supenor. 



65 



16 



